INTRODUCTION
============

Unlike the widespread use of laparoscopic cholecystectomy after its introduction in clinical practice, the application of laparoscopic liver resection (LLR) has displayed little progress in terms of clinical adoption since the first case was performed two decades ago. The slow acceptance of the laparoscopic approach in liver resection is believed to be primarily due to the technical difficulty of the operation \[[@B1]\]. Recently, with development of new surgical instruments and the ongoing accumulation of surgical experience, LLR is rapidly becoming recognized as a procedure that can decrease morbidity and shorten length of hospital stay \[[@B2]\]. Nevertheless, major LLR remains a challenging procedure and has been performed only in a few experienced centers, so there is limited data available to evaluate the perioperative outcomes \[[@B3]\].

LLR was initiated in 2004 at our center, with the first procedures mostly tumorectomies or left lateral sectionectomies \[[@B4]\]. In 2012, we made several major technical changes, including routine use of bipolar electrocautery, application of a temporary increase of intra-abdominal pressure (IAP) during bleeding events from veins to balance the central venous pressure (CVP), and employment of a new technique called temporary inflow control of the Glissonean pedicle (TICGL) \[[@B5]\]. As a result, we have been able to perform major LLR procedures more frequently in recent years.

The purposes of this study were to compare surgical parameters before and after 2012 and to evaluate the impact of these changes in the performance of major LLR.

METHODS
=======

Patients and data collection
----------------------------

Between January 2004 and February 2015, a total of 606 consecutive patients underwent LLR at Samsung Medical Center in Seoul, Korea. This study was cleared with the Institutional Review Board of Samsung Medical Center (SMC 2018-04-072-001).

There were 233 cases requiring major LLRs, following the exclusion of 39 cases of living donor hepatectomy. Although right posterior sectionectomy (RPS) is not commonly included under the umbrella of major hepatectomy, we included it in this study since the procedure is as difficult to perform as right hepatectomy (RH) or left hepatectomy (LH), especially via the laparoscopic approach \[[@B6]\]. In addition, there were 12 cases of right anterior sectionectomy (RAS) and central hepatectomy (CH) performed after 2012 \[[@B7]\]. However, since there was only one case of RAS and no cases of CH completed prior to 2012, we excluded these operations due to the perceived difficulty of comparison.

We reviewed the perioperative clinical outcomes of a total of 220 cases, which were divided before-2012 and after-2012 groups, to evaluate the impact of the changes in surgical procedure. We compared operation time, estimated blood loss, hospital stay, open conversion rate, intraoperative transfusion rate, and complication rate according to operation type. Postoperative complications were classified by Clavien-Dindo classification. All LLR procedures were performed using a total laparoscopic approach.

Operative procedures
--------------------

For surgery, each patient was placed in the French position. Pneumoperitoneum was created by carbon dioxide insufflation at a pressure of 11 mmHg to 12 mmHg. IAP was increased up to 15--18 mmHg at the time of major vessel bleeding. Superficial parenchymal transection was performed using advanced bipolar device (Thunderbeat(r); Olympus, Tokyo, Japan) or ultrasonic shears (Sonicision(R); Medtronic, Minneapolis, MN, USA). Slow closure of jaw with pressing energy button of the instrument methods were used to prevent small vessel bleeding. Cavitron Ultrasonic Surgical Aspirator (CUSA) was used for deep area dissection. Vessels measuring larger than 5 mm were divided using a stapler, while vessels of 2 mm to 5 mm in size were clipped. Bleeding from the parenchyma dissected area was controlled using bipolar electrocautery with frequent suction. Intraoperative ultrasound was used to determine the locations of tumor and vascular structures. The use of portal triad clamping (Pringle maneuver) was not applied routinely, but it was used liberally when there was a significant amount of blood loss or when a long operation time was expected. Prior to 2012, we primarily used an individual ligation technique by the conventional approach. After-2012, the anterior approach and Glissonean approach were predominantly employed. The TICGL technique consists of (1) temporary application of a bulldog clamp on the corresponding Glissonean pedicle without total ligation or division, (2) transection of the liver parenchyma by controlled hepatectomy, (3) division of the Glisson pedicle under full exposure of the Glissonean branch, and (4) finalization of parenchymal transection \[5\]. This method provides safe stapling of the Glissonean branch and is easy and quick to apply, which has made anatomical liver resection much more feasible and has therefore been applied routinely since 2012. The specimen was extracted through a Pfannenstiel incision.

Statistical analyses
--------------------

Chi-square and Fisher exact tests were used to compare categorical variables. Student t-test and the Mann-Whitney U-test were used for continuous variables. Statistical significance was defined as P \< 0.05. PASW Statistics 18.0 for Windows (SPSS Inc., Chicago, IL, USA) was used for analysis.

RESULTS
=======

There were 44 major LLRs performed before 2012 and 176 cases after 2012. The proportions of RH and LH were similar before 2012, but RH was dominant after 2012 ([Table 1](#T1){ref-type="table"}). The clinical characteristics of major LLR are shown in [Table 2](#T2){ref-type="table"}. After 2012, background hepatocellular carcinoma was more common, ICG15 was higher, and patients were older compared with before 2012 (P \< 0.05).

[Table 3](#T3){ref-type="table"} shows the surgical parameters according to operation type and period. The total open conversion rate of major LLR was 10.3%. The open conversion rate was decreased in both RH and LH, while there were no differences in the other surgical parameters. Estimated blood loss was decreased in RPS after 2012, but open conversion rate had no statistical difference before and after 2012. Hospital stay in RPS was increased after 2012.

The overall postoperative complication rate of major LLR was 12.7%, and there were no statistical differences between the two periods. The Clavien-Dindo classification of postoperative complications is shown in [Table 4](#T4){ref-type="table"}. Bile leakage was the most common complication (3.2%). One patient in the after-2012 group required reoperation, and percutaneous drainage was necessary in one patient from each group. One patient in the after-2012 group showed a persistent increase of bilirubin with a large amount of ascites after RH. The patient had alcohol-related cirrhosis patient with a large tumor (6.6 cm in diameter) and showed nonspecific preoperative laboratory data (e.g., Child A, ICG~15~: 10.0%; PT \[INR\]: 1.14; platelet count: 216 ×10^3^/µL). We recommended liver transplantation, but he was lost during follow-up. There was no mortality in the perioperative period.

DISCUSSION
==========

Major LLR is a challenging procedure that requires expertise, and its performance is limited to only a few institutions because of its inherent technical difficulties. The second Consensus Meeting in Morioka stated that major LLR comprises innovative procedures in the exploration phase \[[@B8]\]. However, the demand of major LLR is increasing because of doctor needs and patient desire for minimally invasive surgery.

We continuously aimed our procedures toward improving the surgical outcomes of major LLR. Throughout the 10 years of LLR experiences as a large-volume center, many technical innovations have been attempted at our institution. Among them, some major changes were completed at the end of 2011, which included routine application of bipolar electrocautery, application of an increase in IAP during bleeding events from veins to balance the CVP, and use of the TICGL method. As a result, the percentage of cases performed with the laparoscopic approach, and the proportion of major LLR procedures has steadily increased. Major LLR operations, which accounted for about 15% before 2012, now constitute about 50% of the whole program after 2012 (data not shown).

The most common cause of open conversion during major LLR is main hepatic vein injury. The hepatic vein is easily injured by blind dissection of the parenchyma using advanced bipolar devices or ultrasonic shears. Therefore, we used a CUSA in the deep areas around the hepatic vein. It is important to keep the area of dissection dry by constant use of bipolar electrocautery to enhance the precision of dissection. Countertraction and lift-up of the liver by an experienced first assistant also help to limit blood loss, especially in RPS. When the liver is lifted, the right hepatic vein can be rotated anteriorly to the inferior vena cava, and net central and hepatic venous pressure can be reduced \[[@B7]\]. Therefore, even though operation time may be longer, as shown in the RH and RPS groups, conversion due to troublesome bleeding may be reduced (from 45% to 8.1% in RH and from 20% to 5.6% in RPS).

The concomitant use of increased IAP to balance the CVP during venous injury is also an important reason for decreased conversion and transfusion rate. The well-balanced increase of IAP decreased the bleeding amount from veins and helped to ensure the availability of more time to repair the injury. To date, we have not encountered any clinical deterioration caused by gas embolism among our patients, contrary to common belief and fears. The coordination of an anesthesiologist to reduce CVP during surgery is also vital.

The use of the TICGL method facilitates more precise and safe liver parenchymal transection. Selective clamping of the pedicle using TICGL enables controlled hepatectomy under inflow occlusion and reduces blood loss. Moreover, because the stapling is performed after a large portion of the parenchyma is dissected and the Glissonean branches are exposed, it has high safety and prevents injury of the remnant branches, which may be a major problem in cases with anatomical variations. It is also less technically demanding with a reduced chance of bleeding.

The surgical results shown in this study were not inferior compared to the findings of other international multicenter studies \[[@B9][@B10]\], and our intraoperative transfusion and complication rates were low versus those of another multicenter study from Korea \[[@B11]\]. Our postoperative complications rate was lower than those reported on open resection, possibly partly due to the selection process we employed for the laparoscopic approach. This theory, however, is beyond the scope of this study and needs additional comparative data analysis to establish conclusively. Nevertheless, there are reports that indicate that laparoscopy is associated with a lower incidence of postoperative morbidity \[[@B12]\]. Bile leakage was the most common complication in our study, as it was in previous other studies \[[@B13][@B14]\], and is the main problem to solve.

The major LLR procedures in this study were performed by a total of three surgeons and mainly using protocolized procedures. All participating surgeons tried to use the previously noted surgical techniques. There were no differences between the surgeons in terms of surgical outcome. The limitation of this study is its lack of oncological outcome of LLR, because we focused on early postoperative outcomes. We can analyze these outcomes in the near future.

In conclusion, the surgical innovations employed in this study offered good results in patients requiring major liver resection. With the application of these techniques, major LLR may be performed more widely and safely.
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###### Type of operation between the 2-time periods in major liver resection
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Values are presented as number (%).

###### Clinical characteristics of major laparoscopic liver resection
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SD, standard deviation.

^a)^Benign disease includes intrahepatic stone, hemangioma, liver cyst, follicular nodular hyperplasia, adenoma, and cystadenoma. ^b)^Other malignancy includes liver metastasis, cholangiocarcinoma, and sarcoma.

###### Comparison of surgical parameters before and after 2012 according to operation type
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Values are presented as mean ± standard deviation or number (%).

EBL, estimated blood loss.

###### Clavien-Dindo classification of postoperative complications (n = 28)
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Values are presented as number (%).
